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The safety of the patient and its importance in a surgical setting is well recognised. However, in the
literature far less emphasis is placed upon the safety of the surgeon and his/her team. This review
discusses the risks to which a surgeon is exposed, including blood-borne pathogens, radiation exposure,
biomechanical stresses and fatigue, and the adverse effects of diathermy fumes. Strategies addressing
these risks are presented and recommendations to improve surgical team safety are offered.
 2012 Surgical Associates Ltd. Published by Elsevier Ltd. All rights reserved.1. Introduction surgeon risks more than one hepatitis B infection per lifetime andThe safety of the patient and its importance in a surgical setting
is well recognised.1 The concern regarding patient safety has led to
the development of a several tools and strategies, one of which is
the WHO surgical safety checklist, which has raised awareness of
important patient-related issues and signiﬁcantly reduced in-
hospital mortality,2 in a simple and cost-effective manner.
However, whilst the safety of the patient is paramount, far less
emphasis is placed upon the safety of the surgeon and his/her team
in the literature. There is vulnerability in-terms of a surgeon’s
safety3 and exploring this and the potential ways to reduce the risk
to the surgeon serves as the focus of this paper. There are several
factors which can contribute to the vulnerability of the surgeon,
including: 1) blood-borne pathogens; 2) radiation exposure; 3)
biomechanical stresses and fatigue; and 4) adverse effects of
diathermy fumes.2. Surgeon’s vulnerability
2.1. Blood-borne pathogens
There is growing awareness of the risk of exposure to disease
from patients, primarily HIV and hepatitis B and C viruses. Ahoub).
ciates Ltd. Published by Elsevier Ltat least one in 1500 surgeons is likely to be infected by HIV during
the next 35 years4; however, hepatitis C poses the greatest trans-
mission risk.5 As yet, there is no vaccination against Hepatitis C and
most infected individuals will develop chronic HCV infection, with
considerable morbidity and mortality. The risk of transmission is
dependant on the HCV infection prevalence in the patient pop-
ulation, the incidence of percutaneous injury during surgery and
the probability of a percutaneous injury transmitting HCV.6
Although the reported HCV transmission risk, from patient to
surgeon, is low, both the observed and estimated HCV prevalences
among surgical patients indicate that working in areas with high
prevalence of intravenous drug use and high HCV prevalence
among injectors, surgeons will regularly operate on HCV infected
patients, with high cumulative risk.6
Gloves are, therefore, regarded as a necessity for protection.7
However, this protection can be breached, with an increased risk
of surgical site infection, when surgical glove perforation occurs.7
This leads to the breakdown of the barrier that normally prevents
hand-to-wound contamination and vice-versa. Kojima et al.
(2005)8 reported a glove perforation rate of 25% after thoracoscopy
and 70% after open thoracotomy. Furthermore, the risk of glove
perforation also increases with the operation’s duration, signiﬁ-
cantly so after two hours.8 Palmer et al. (1992)4 reported injuries to
the non-dominant index ﬁnger being signiﬁcantly higher than
injuries to other parts of the hands and, in particular, during needle
manipulation and wound closure. Operations requiringd. All rights reserved.
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REVIEWmanipulation of instruments deep within the wound had a higher
rate of glove perforation than those on the surface. Moreover,
consultants were reported to have had higher rates of glove
perforation than juniors.
In contrast, while an effort is made by most surgeons to avoid
needle-stick injuries, little attention can be paid to alternative
routes of transmission of infection. These include blood and body
ﬂuid splashes into the eye.9 Davies et al. (2007)9 reported a higher
incidence of such eye splashes in vascular operations and ampu-
tations, as comparedwith other operations in general surgery. Bone
cutters and power saws, used for amputations, often result in body
ﬂuids and blood being sprayed into the operating ﬁeld and theatre
as an airborne mist. Moreover, during inspection of a vascular
anastomosis, an unpredicted ﬁne jet of blood may project out.9 Bell
et al. (1991)10 reported contamination of 65% of goggles worn by
orthopaedic surgeons by blood or tissue ﬂuid, with the greatest risk
with operations around the hip joint, one of the commonest
orthopaedic procedures. Irrigation and power-tool use was asso-
ciated with increased contamination. Eandi et al. (2008)11 reported
55% of surgeons’ masks containing evidence of blood splash
contamination after percutaneous nephrolithotomy. The risk of eye
splash injury in surgery is much greater than that perceived by
most surgeons and trainees.12
2.2. Radiation exposure
Surgeons are exposed to occupational hazards of which they are
often unaware.13 This is evident in specialities such as orthopaedics
and vascular surgery in which surgeons are at increased risk for
exposure to radiation. Khan et al. (2012)14 reported that an ortho-
paedic surgeon’s dominant hand receives the highest dose of
radiation and radiation exposure is dependent on the experience of
the operator. Although from procedures, like dynamic hip screw
ﬁxation for neck of femur fractures, the exposure to radiation is
well below the toxic levels, greater awareness is still needed to
prevent harmful effects of exposure to long-term, low-dose radia-
tion.14 As a result of low-dose ionizing radiation exposure during
clinical practice, breast cancer prevalence is elevated among female
orthopaedic surgeons; hence, the orthopaedic community should
consider educating current practitioners of the use of protective
shielding and other modiﬁable breast cancer risk factors.15
Moreover, in endovascular surgery, ionization radiation expo-
sure is an inherent component.16 With increasingly complex
procedures, greater radiation exposure is incurred, not just by the
patient but also the surgeon and his/her team. Along with skin
injury, the long-term risk of malignancy is also increased. Surgeons
must be aware of the radiation hazards and, in order to minimize
the risks to both patients and staff, all reasonable steps must be
taken.16 The radiation dose to the patient, and thus the staff, is
dependent on the equipment, patient, and certain procedure-
related factors. Patients with higher BMI require larger doses of
radiation to obtain sufﬁcient image quality. A range of physician-
controlled and equipment-related factors are described by Walsh
et al. (2008).16
2.3. Biomechanical stresses and fatigue
Operating induces a level of muscular fatigue and the fatigue
levels increase as an operation progresses,17 with brachioradialis
being used the most and fatiguing at the fastest rate. Excessive
hand tremor caused by muscular fatigue has also been shown to
decrease the surgeon’s accuracy and subsequently the outcome of
the operation. The physical and mental strain is even more so in
minimally invasive surgery than open surgery due to it’s inherent
challenges.182.4. Adverse effects of diathermy
Surgical diathermy is an invaluable entity in the operating
theatre. However, its use is associated with several hazards,
including hypoxic stress, inhalation of diathermy plume, gene
mutation, burns injury and electrocution.19 Surgical smoke plume,
generated through thermal tissue destruction, represents a signiﬁ-
cant biochemical hazard and has shown to be as mutagenic as
cigarette smoke.20 Using an animal model, it was found that the
mutagenic potency of condensates from 1 g of electrocautery-
destroyed tissue through ablation was equivalent of smoking six
unﬁltered cigarettes.21 Formaldehyde, benzene and hydrogen
cyanide, present in surgical smoke, account for the greatest
hazards.20
3. Strategies to reduce risk
3.1. Blood-borne pathogens
There are several strategies to minimise the effect of these
factors and reduce the risk to surgeons. Punyatanasakchai et al.
(2004)22 showed that double-gloving signiﬁcantly reduced the risk
of exposure of the surgeon’s hand to the patient’s blood, in
comparison to single-glovingmethod in an episiotomy repair. Laine
et al. (2004)23 reported that the risk of blood contaminationwas 13
times higher when using single compared with double gloves.
Double indicator gloves can reduce undetected needle-stick
injuries. They consist of a green under-glove, worn underneath
the surgical glove. Perforation of the outer glove, especially in
presence of ﬂuid, is highlighted by a visible green spot at the site of
perforation. These gloves are reported to be even more efﬁcient
than the combination of two regular gloves, when comparing the
rate of perforation of the inner glove when the outer had been
damaged.23 Though this practise of double-gloving is being
increasingly adopted in specialities such as orthopaedics, it should
be promoted amongst all surgical specialities. A new surgical glove
called G-VIR, containing a disinfecting agent for enveloped viruses,
has also been developed,24 showing a substantial and reproducible
reduction in infection by passage through its virucidal layer.
Reporting of needle-stick injuries is imperative in initiating
early prophylaxis or treatment.3 Prevention and reporting strate-
gies need to improve to increase occupational safety. A simple, cost-
effective method is an algorithm, although already in place, should
be made more accessible to surgeons and healthcare professionals.
In ophthalmological surgery, according to the Royal College of
Ophthalmologists,25 several measures are taken to reduce the risk
of transmission of blood-borne infection. These range from general
measures such as hand-washing and use of gloves to avoiding the
use of sharps wherever possible, using protocols for instrument
sterilisation and disinfection and following safety measures in
order to minimize percutaneous exposure risk during surgery.25
3.2. Radiation exposure
Recommendations have been made in order to reduce the
radiation dose incurred during vascular procedures, such as coro-
nary angiography and endovascular aneurysm repair.16 Lowering
the patient dose will also lower the dose that the staff receive.
Interventionists should use personal dosimeters as recommended
by the International Commission on Radiological Protection to
assess their ongoing occupational radiation exposure.16 The
recommendations, although written for endovascular interven-
tional procedures, are applicable to all specialities with radiation
exposure. These include: minimizing the SID (source-to-imager
distance) and cinematography, as well as the use of ﬂuoroscopy.16
Table 1
Recommendations to reduce risks to the surgeon.
Surgeon’s vulnerability Recommendation
Blood-borne pathogens 1. Use of double-gloving
2. Use of virucidal gloving
3. Increased accessibility of algorithms
for sharps-injury to the operating team
Radiation exposure 1. Minimize the source to image
distance and the use of ﬂuoroscopy.
Ensure adequate shielding and
with detector-to-patient
distance <5 cm
2. Limit the radiation dose,
applying the “as-low-as-reasonably-
achievable” principle
3. Interventionists should use personal
dosimeters as recommended by the
International Commission on
Radiological Protection
Biomechanical stresses and fatigue 1. Short, intermittent breaks
2. More complex parts of the operation
should be performed as early
as possible
3. In a very long operation, a change
in surgeon may be necessary
4. Consider dual surgeon operating
Diathermy smoke inhalation 1. Limit the use of diathermy where
possible
2. Use of smoke extracting devices
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REVIEWThe use of collimators and ﬁlters, whilst maximizing shielding
through the use of lead gowns, caps, eyewear and thyroid shields, is
also recommended.
Ramalanjaona et al. (1986)26 reported that the surgeon’s
extremities received the greatest radiation dose in interventional
vascular surgery, followed by the eyes and neck, suggesting the
need for individual monitoring devices for those body parts to be
worn by surgeons who regularly perform endovascular procedures.
Protocols to minimize radiation exposure should be constantly
revised and apply the “as-low-as-reasonably-achievable” principle
in every setting.27 Van der Merwe et al. (2012)27 reports that the
longest possible distance from the source and image intensiﬁer will
lower radiation risk with, conversely, Haqqani et al. (2012)28
reporting a detector-to-patient distance of <5 cm to minimize
operator radiation exposure by reducing scatter. Most radiation to
the surgeon comes from the x-ray source, with up to 6 times the
radiation dose received when the tube is on the ipsilateral side of
the Table.16 The highest exposure to the surgeon, who is standing
on the patient’s right hand side, is in the left anterior oblique (LAO)
90 projection.28 This describes the position of the x-ray detector
(image intensiﬁer) as being on the patient’s left, with the x-ray
source (‘tube’) situated to the patient’s right. Hence, it is recom-
mended that operators try to ensure that they ‘avoid the tube’ as
much as possible.16 Full-body protection of 0.35 mm lead equiva-
lence during ﬂuoroscopy is mandatory.27 Radiation exposure to an
endovascular surgery team’s members is different with varying
imaging techniques. Knowledge of variable intensity of radiation
exposure may allow adjustment of the technique to reduce radia-
tion exposure to the team.28
3.3. Biomechanical stresses and fatigue
There are several ways to reduce psychological and physical
stress. In work environments that require a high performance over
a sustained time period, short, intermittent breaks, to reduce error
and control workload, are used.29 For example, air trafﬁc controllers
are required to have breaks every 20 min; a practice uncommon for
long operations thus far. Compared with the traditional work
scheme, work breaks, during complex laparoscopic surgery, can
reduce psychological stress and preserve performance without
extending the operating time.29
Demands to the surgeon have changed. Video techniques, with
surgeons constantly having to switch between a 2D visual feedback
and 3D instrument operation have added a high spatial recognition
task load to the classical demands of persistence and precision.29
Diathermy smoke and oligochrome colour deﬁnition further
restrict the visual input. Incoming sensory information processing,
real time decision making and the required motor output may add
up to amaximal recruitment of operator resources. The effort has to
be raised to maintain performance constant during an entire
procedure.29 The development of fatigue is correlated with difﬁ-
culty,29 i.e., one may feel “drained of energy” after an hour of
difﬁcult laparoscopy, but having barely started on the day’s theatre
list. Engelmann et al. (2011)29 reported that there is signiﬁcantly
lower cortisol release from approximately 1 h after the start of the
operation and onwards e the time interval where fatigue effects
commonly occur e in a groupmaking regular breaks. Postoperative
performance e concentration measurements have suggested
a conservation of performance and signiﬁcantly lower error rates in
those surgeons taking breaks and, most importantly, regular breaks
increased the surgeon’s well-being without any disadvantageous
prolongation of the operation time. Slack et al. (2008)17 have sug-
gested that more complex parts of the operation should be per-
formed as early as possible, or, in the case of a very long operation,
a change in surgeon may be necessary.3.4. Minimising the risks of diathermy smoke
In order to minimise risks of surgical smoke exposure, a number
of systemsmay be put inplace20: Ventilation systems, to capture and
extract bacteria and dust particles, exist in all operating theatres.
Every 3 min, British theatres must have air exchanged through
generation of a positive downward pressure, resulting in the surgical
smokeplumebeingdrawn towards theoutlet twenty timesperhour.
However, this alone is ineffective at removing the plume, simply
dissipating it elsewhere.20 Moreover, the highest concentration of
toxic gas passes directly into the operating surgeon’s facial ﬁeld.
Hence, the surgeon is exposed to the highest concentrations of the
plume, working 20e40 cm from the site of smoke generation, even if
other theatre personnel are exposed over a longer time period.20
Standard surgical masks are inadequate at ﬁltering either
smaller smoke particles or the larger non-combusted cellular
components.30 Evenwith the availability of ultra-ﬁltration, surgical
masks, increased work of breathing means their use is
uncommon.21 Connecting tubing to a mechanical suction device,
with an exhaust outlet directed at the combustion source, is routine
practice however lacks sufﬁcient suction power to remove majority
of the operating ﬁeld smoke.20 Specialised mechanical surgical
smoke evacuating and ﬁltration systems use high-powered suction,
ﬁltering the majority of contaminants, returning ﬁltered air to the
operating theatre.20 A Royal College of Surgeons survey reported
only 3% of surgeons using smoke extracting devices in their prac-
tice. Although it is reported that two thirds of plastic surgery units
have smoke extraction devices available for use, the use is surgeon-
speciﬁc.20 Spearman et al. (2007)31 concluded that the use of smoke
extraction equipment is very limited. Greater awareness of the
hazards and available technology to extract fumes from the theatre
environment might lead to greater uptake.
It is important to state that the surgeon’s team, including the
assistants, scrub nurses and anaesthetists, also faces many of the
risks described above. The risks and the corresponding recom-
mendations, to reduce risk, are presented in the Table 1. Finally, this
review has discussed the risks to the physical wellbeing of the
surgeon, however it is crucial to note that there are a number of
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mental illness and burnout.32 Shanafelt et al. (2012)33 reported
general surgeons tohave the lowest rated satisfactionwithwork-life
balance. Often having to deal with stressful situations, burnout in
surgeons may lead to depression and/or drug dependency.34
Although the surgeon is vulnerable, adherence to the recom-
mendations presented will reduce risk and infringement of
surgeon’s and his/her team’s safety. The presence of recommen-
dations does not necessarily mean that they will be adhered to.
Hence, an effective method to facilitate and promote the recom-
mendations must be applied. Errors and breach of safety (patient or
surgeon) can be due to 1) ignorance e a lack of understanding of
how something works and 2) ineptitude e the presence of
knowledge but absence of correct application35; by taking appro-
priate measures to address both of these points we can effectively
minimise intra-operative risks to surgeons and their teams.
In conclusion, we have highlighted the key factors that can
compromise a surgeon’s safety. These must be considered and
addressed to reduce the risks that surgeons and their teams are
exposed to. The recommendations provided in this review serve as
an evidence-basedmeans of reducing surgeons’ vulnerability in the
operating theatre.
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